INTRODUCTION {#sec1-1}
============

Living donor liver transplantation is emerging as the most viable option for the management of patients with end-stage liver disease in India and other countries where deceased donors are in short supply.\[[@ref1][@ref2]\] Ensuring best outcomes for the donor is necessary in the background of living donation. High lactate levels have been associated with poor outcomes in the critically ill patients. The levels of lactate invariably rise in the donor following hepatectomy both due to a small remnant liver and time taken for regeneration of the residual liver.\[[@ref3]\] Metabolism of lactate can be affected during hepatectomy particularly if intermittent clamping or inflow occlusions are performed. Lactate levels have also been used to predict outcomes after hepatectomy.\[[@ref4]\] The impact of solutions containing lactate on the capacity for liver metabolism and measured serum lactate levels are unclear. Acetate containing solutions have been introduced as an alternative to lactated solutions as the metabolism of acetate is less dependent upon hepatic function.\[[@ref5]\] Solutions with acetate have shown improved survival and better metabolic profile in patients undergoing abdominal surgery.\[[@ref6]\]

A recent meta-analysis of studies using low and high chloride containing solutions in the perioperative setting have shown a significant association with acute kidney injury associated with a hyperchloremic acidosis probably related to renal vasoconstriction and an increased morbidity.\[[@ref7]\] The consequence of a reduction in the base levels with administration of normal saline and thereby increasing acidosis becomes relevant in the background of hepatic resections.

We aimed at comparing Ringer\'s lactate and normal saline with acetated fluids on the metabolic profile in living liver donors following right lobe hepatectomy.

METHODS {#sec1-2}
=======

This was a prospective observational single-blinded study conducted at a gastro surgical division of a tertiary care referral hospital. This study aimed at comparing two accepted methods of fluid administration in living donor hepatectomy. After Ethics Committee approval and informed consent, a total of 67 patients undergoing hepatectomy over a 1 year period were screened for this study. Four patients were excluded as they were left lobe donors. Sixty-three patients belonging to American Society of Anesthesiologists Physical Status 1 and 2, undergoing elective donor right lobe hepatectomy were alternately allotted to receive either acetated solution or a combination of Ringer\'s lactate with normal saline after informed consent. In ten patients, perioperative use of hydroxyethyl starches containing acetate led to exclusion (6 in Group L and 4 in Group S). A total of 53 patients were included for the study. Patients belonging to Group L received Ringer\'s lactate until hepatic resection commenced and normal saline solution after commencement of resection until the end of surgery (*n* = 26). Patients in Group S received balanced salt solution containing acetate as the infusion fluid during surgery (sterofundin; B Braun^®^) (*n* = 27). The primary outcome was the levels of lactate intra- and post-operatively. The secondary outcomes were base excess, bicarbonate, glucose and chloride intra- and post-operatively.

After placement of a thoracic epidural catheter and an arterial line, patients were induced by a standard anaesthesia protocol with propofol, fentanyl and midazolam and intubated with atracurium. Anaesthesia was maintained with oxygen, air and isoflurane at 0.8--1.0 minimum alveolar concentration. A restrictive fluid strategy was practised during hepatic resection in both groups (4 mL/kg/h), and the target was a central venous pressure (CVP) of \<5 mm Hg. The mean arterial pressure (MAP) was maintained above 65 mm Hg and the systolic blood pressure above 90 mm Hg throughout surgery by administration of vasopressors (noradrenaline) in doses Between 0.02 and 0.2 μg/kg/min. Fluid protocol from the start of surgery until resection commenced was between 8 and 10 mL/kg/h and at the completion of resection, a more liberal strategy was used to target a CVP of 8--10 mm Hg. Blood losses more than 20% of blood volume or a measured haemoglobin \<8.0 g/dL was an indication for transfusion of packed cells.

Patients who were haemodynamically stable, on minimal vasopressors, not in metabolic acidosis and with adequate respiratory efforts were considered fit for extubation.

At the end of surgery, all patients were shifted to the Intensive Care Unit (ICU) where both groups received acetated balanced salt solution at a rate of 100ml/h. An observer blinded to the intraoperative protocols noted the post-operative metabolic parameters from the arterial line retained until 48 h postoperatively.

Lactate \>5.5 mmol/L was considered an indication for dobutamine infusion and time to normalisation of lactates (\<2.5 mmol/L) were noted. Blood gases were measured at baseline and 2 h intervals during surgery and at 6 h intervals in the post-operative ICU for 48 h. Levels of lactate and electrolytes were calculated solely from arterial blood gases.

The levels of intraoperative lactate, base excess, bicarbonate, chloride and glucose were analysed with Mann--Whitney U-test. The post-operative highest lactate, chloride, bicarbonate and base excess and the demographic variables were analysed with the Chi-square test. *P* \< 0.05 was considered statistically significant.

We did not find any studies comparing acetated solutions with a combination of Ringer\'s lactate and normal saline. Using the first ten cases in each group as a pilot study and lactate levels at the end of surgery as the primary end point, the mean lactate calculated was 3.21 ± 1.43 mmol/L in Group L, whereas it was 3.54 ± 1.98 mmol/L in Group S. Using 95% confidence interval, the calculated sample size was 210 in each group. On account of limited numbers of patients in the donor hepatectomy group, we included 53 patients over a 1 year duration.

RESULTS {#sec1-3}
=======

The age and weight of patients and fluids in both groups were comparable. The duration of surgery was longer in Group L (9.96 h vs. 9.06 h *P* = 0.014 \[[Table 1](#T1){ref-type="table"}\]). The lactate levels at baseline and 2, 4 and 6 h during surgery were not significantly different \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].
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The levels of chloride intraoperatively were significantly higher in Group L at 4 and 8 h and the level of glucose was also higher in Group L at 6 h \[[Table 3](#T3){ref-type="table"}\]. The lowest value of bicarbonate postoperatively was significantly lower in Group L as compared to Group S. Correspondingly, the lowest value of base excess postoperatively was more in Group L \[[Table 4](#T4){ref-type="table"}\]. The post-operative highest values of lactate and the time to normalisation were comparable between the two groups \[[Table 4](#T4){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].
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Post-operative variable
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However, the levels of bicarbonate were significantly higher (*P* \< 0.05) in Group S at 6 and 8 h intraoperatively \[[Table 2](#T2){ref-type="table"}\]. Similarly, the values of base excess were lesser (more negative) in group L in comparison with group S at 4 and 8 h intraoperatively.

The highest value of chloride postoperatively was significantly higher in Group L versus Group S. However, the highest glucose value postoperatively was similar between the groups \[[Table 4](#T4){ref-type="table"}\].

All patients were extubated on the table and were discharged uneventfully from the ICU. Two patients in Group L needed blood transfusion and received one unit blood each. Five in Group L and three in Group S received 100 mL 20% albumin during surgery. Eleven patients in Group L (11/26) received noradrenaline during surgery compared to 10 (10/27) in Group S. Seven patients in each group received dobutamine postoperatively for normalisation of lactate levels.

The liver minus spleen attenuation index, computerised tomographic estimate of remnant left lobe and the ratio of left lobe to the patient\'s weight were comparable in both groups. None of the patients had renal dysfunction and post-operative creatinine level was comparable between the two groups \[[Table 1](#T1){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

There is limited literature evaluating the impact of perioperative fluids on the lactate levels and metabolic profiles in living donor hepatectomy.\[[@ref4]\] We sought to compare the metabolic profiles of Ringer\'s lactate and normal saline versus acetated balanced salt solution in the perioperative management of donor hepatectomy.

We found that the levels of lactate at baseline and 2, 4, 6 and 8 h of resection or in the post-operative period were not significantly different between the two groups. Perioperative lactic acidosis in the donor adds concerns on the residual liver functions and morbidity in donor outcomes. The levels of lactate have been used to predict recovery in hepatic surgeries, sepsis and other abdominal surgeries.\[[@ref8][@ref9][@ref10]\]

Lactate is converted to pyruvate and generates adenosine triphosphate (ATP) by oxidative phosphorylation in the mitochondria. A portion of the lactate is also metabolised by the Cori cycle to generate glucose with the consumption of ATP.\[[@ref11]\] Although the liver has a large functional reserve and can metabolise endogenous lactate after major hepatectomy, the effects of exogenous lactate are not clear.\[[@ref12]\] Lactate levels can rise if the volume of liver is inadequate as in situations following major hepatectomy\[[@ref3]\] and has been shown to have a close association with sequential organ failure assessment scores in intensive care patients.\[[@ref13]\]

For this reason, the use of lactate-containing solutions is usually avoided during hepatic resection as it raises concerns on the accuracy of levels of lactate as a prognostic indicator. The levels of lactate remained similar despite administration of Ringer\'s lactate in our group probably because we had only administered Ringer\'s lactate until hepatic resection was commenced and because the residual liver volumes were adequate to complete the metabolism of lactate. We had used a value of lactate of 5.5 mmol/L above which dobutamine was added as an inotrope. There were no differences between the two groups in the need for dobutamine and levels of lactate had normalised by 24 h postoperatively.

Although the lactate levels were similar, the levels of bicarbonate and base excess showed an improved profile in Group S. This could have been due to the administration of normal saline in Group L versus a balanced salt solution in Group S. An observational study from a database of patients undergoing abdominal surgery have concluded that the use of an acetate base balanced crystalloid was associated with reduced mortality and post-operative complications in comparison to normal saline.\[[@ref6]\] Here, there were no differences in outcomes of patients in either group and the length of ICU stay was comparable.

Normal saline is considered unphysiological and associated with renal injury due to hyperchloremic acidosis.\[[@ref14][@ref15][@ref16]\] This study showed no difference between the two groups in renal outcomes, average creatinine between the two groups postoperatively was normal and similar \[[Table 4](#T4){ref-type="table"}\].

Studies of patients in the emergency department have shown a correlation of base excess with elevations in lactate in septic patients.\[[@ref17]\] In this study, we did not find a correlation with the lactate levels and base excess. We hypothesised that the mechanism for decreased base levels was independent of lactate implying that this was a direct consequence of fluid administration.

We found that the chloride level was higher in the group receiving a combination of normal saline and Ringer\'s lactate, and this continued into the post-operative period. This chloride elevation was probably the consequence of a high chloride content in normal saline. However, no renal dysfunction was noted in any of the patients included in this study.

Excessive volume loading is avoided during hepatectomy as venous bleeding may increase. Studies have shown that maintaining a low CVP during hepatectomy reduces the blood loss during hepatectomy and reduces the length of hospital stay without any detrimental renal or hepatic effects.\[[@ref18]\] We aimed to keep the CVP between 3 and 5 mm Hg during hepatic resection to reduce or minimise bleeding during hepatectomy. No vascular occlusion was employed, and Cavitron^®^ ultrasonic aspirator and Harmonic^®^ scalpel\[[@ref19]\] were used along the plane of resection. Hypovolaemia may contribute to an increase in lactate level during surgical resection. The concurrent use of an epidural analgesia further causes a sympathetic blockade leading to hypotension and hypoperfusion. We aimed to keep the MAP \>65 mm Hg throughout the surgery by the administration of noradrenaline as an infusion as the presumed mechanism of hypotension is vasodilation following anaesthesia and epidural anaesthetic-induced sympathetic blockade. We believed that this would avoid hypoperfusion to the liver and the possibilities of an increase in lactate following hypoperfusion. Liberal fluid administration by goal-directed therapy has been shown to reduce lactate levels in high-risk patients undergoing abdominal surgery.\[[@ref20]\] However, our fluid strategy for hepatectomy did not affect lactates, and there were no differences in the volume of fluids or need for inotropes between both groups. The blood losses were minimal, and transfusion was administered to two patients in group L following blood loss due to clamp slippage. None of the patients needed blood transfusions postoperatively.

Diabetic patients administered Ringer\'s lactate can have a higher level of glucose although similar profiles are not seen in normal patients.\[[@ref21]\] We had excluded donors with diabetes in this study, yet there was an increase in the glucose level in the group receiving Ringer\'s lactate at 6 h of surgery although this was not seen in the post-operative period. The increase in gluconeogenesis with exogenous lactate that is present in Ringer\'s lactate may have accounted for the difference in the blood glucose levels in our study. The levels had normalised in both groups in the post-operative period and did not result in any increased morbidity.

Acetate is an alternative base to lactate in crystalloid solutions. While administration of lactated solutions is avoided in the presence of ongoing lactic acidosis, little information is available on direct comparisons of acetate versus lactate in hepatectomy. Infusions of acetate in normal human volunteers appear to be well tolerated\[[@ref22]\] but advantages over lactated solutions in liver surgery are not well documented. Noradrenaline was administered when MAP was \<65 mm Hg. The intraoperative use of vasopressors was similar in both groups \[[Table 1](#T1){ref-type="table"}\].

We chose donors whose residual liver volume was more than the recommended 30% for liver resections. The average weight of the left lobes assessed by computed tomography (CT) volumetry was 390.7 ± 119.3 g versus 361.4 ± 111.2 g and the ratio of the left lobe versus donor weights were 0.567 and 0.618 in Groups L and S, respectively. The quality of the grafts were assessed by CT and quantified by the liver minus spleen attenuation index. This utilises radiologic attenuation of the hepatic vessels and is an accurate indicator of hepatic steatosis.\[[@ref23]\] The values were comparable between the two groups. We believe that both groups had a similar graft profile, and metabolic profile changes were due to administered solutions. We did not find any difference in the post-operative bilirubin, albumin and INR in this study group, unlike an earlier study.\[[@ref24]\]

This study involved a small group and an alternative allocation of patients to either group was performed; however, randomisation may have been a superior method of allocation. The donor management intraoperatively was at the discretion of the different anaesthesiologists. Donors who received starch solutions that contain acetate as a base or those in whom the protocol was breached were retrospectively excluded from the study. The administration of fluids intraoperatively was open labelled, but the post-operative readings were by the intensivist who was unaware of the intraoperative management. The recordings were objective recordings of patient\'s arterial samples that excluded any element of observer bias in this study.

We believe that a combination of Ringer\'s lactate with normal saline was a safe alternative in right hepatectomy in healthy non-diabetic donors and does not increase morbidity, renal injury or recovery in hepatic function. However, it is associated with more adverse metabolic changes including acidosis, hyperchloraemia and hyperglycaemia. The study question evolved at a point when acetated solutions became available. This was conducted over a year to understand obvious benefits of acetated solutions over standard practice to improve the standard of care in hepatic donors. However, the inability to detect any difference of lactate levels during hepatic resection or postoperatively in our patients could be due to beta error from an underpowered study.

CONCLUSION {#sec1-5}
==========

Administration of solutions of Ringer lactate before hepatic resection and normal saline subsequently during live donor hepatectomy did not affect the levels of lactate but decreased bicarbonate levels and increased base deficit in comparison to acetated solutions. However, randomised multicentric trials with larger numbers of patients may be needed to demonstrate the metabolic profiles for the future.
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